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We Claim: 

1. A fluoVocarbinol fiinctionalized silsesquioxane polymer comprised of monomer 
units having the structiffe (I) 



(I) 




wherein. 



R', R2, R3 and R" are ilpdependently selected from the group consisting of substituents 
having structure (II) 



ai) 



< Q (CHj), ^ r3 

\7 



wherein 



pis 0, l,or 2, 
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sis (A l,or 2, 

Q is selected from the group consisting of substituted and unsubstituted arylene, 
substituted and unsubstWted cycloalkylene, substituted and usnsubstituted alkaryl, and moieties 
having the structure (III)' 



b 

m 
m 



n 

■5=f 

■Q 
m 



(III) 




wherein R« andyl* are independently hydrogen, alkyl or fluoroalkyl and n is 
an integer from 1 to 4, 

is hydrogen, alkyl or fluoroalkyl, 
R* is linear or branched fluoroalkyl, and 
R'is OH, COOH or In acid-cleavable moiety. 



2. The polymer of claim 1 , wherein R' is OH. 



3. The polymer of claim 1, wherein R' is an acid-cleavable moiety. 
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4. The polymeAof claim 3, wherein is selected from the group consisting of 
esters, carbonates, and ethersA 

5. The polymer of claim 4, wherein is an ester. 

6. The polymer of claim d, wherein R^ has the formula -(L)v-(CO)-0 R^^ wherein v is 
zero or 1, L is a linking group, and R''* is st]JcmHfom the group consisting of tertiary alkyl 
moieties, cyclic or alicyclic substituents witH a tertiary attachment point, and 2-trialkylsilylethyl 
moieties. \ 

7. The polymer of claim 6, wheibin v is zero and R^"* is tertiary alkyl. 

8. The polymer of claim 7, wherein R^"* is ^butyl. 

9. The polymer of claim 6, wherein \\s zero and R'"* is a cyclic or alicyclic 
substituent with a tertiary attachment point. \ 

10. The polymer of claim 9, wherein R^^ ia selected from the group consisting of 
adamantyl, norbomyl, isobomyl, 2-methyl-2-adamantyl, Y-methyl-2-isobomyl, 2-methyl-2- 
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tetracyclododecenyl, 2-m^yl-2-dihydrodicyclopentadienylcyclohenxyl and 
1 -methylcyclohexenyl. 

1 1 . The polymer onclaim 6, wherein v is zero and R'^ is 2-trialkylsilylethyl. 

12. The polymer of claim 11, wherein R^^ is 2-trimethylsilylethyl. 

\. .iDr 

13. A fluorocarbinol ftmo^ionali^^Tsflsesquioxane copolymer comprising monomer 
units having the structure (I) 



(I) 



-Si-\-0 Si O- 

I \ I 

0 \ o 

1 \ I 

-Si Q Si O- 



R^ R\ R? and R^ are independently seleo^ted from the group consisting of substituents 
having structure (II) 
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ai) 



-(Cf4)p Q (CH2),- 



wherein 
pis 0, l,or2, 
sis 0, l,or2, 

Q is selected from the group consistinjr of substituted and unsubstituted arylene. 



substituted and unsubstituted cycloalkylene, substituted 
moieties having the structure (III) 



unsubstituted alkarylene, and 




(III) 



wherein and are independently hydrogen, alkyl or fluoroalkyl and n 
an integer from 1 to 4, 

R' is hydrogen, linear or branched alkyl or l[Iuoroalkyl, 
R^ is linear or branched fluoroalkyl, and 
R^is OH, COOH or an acid-cleavable moiety,\ 
and monomer unit having the structure (IV) 
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av) 



wherein, 

R^^ R", R^2 and R»3 aire independently hydrogen, alkyl, fluoroalkyl, 
fluorocarbinol or an acid-cleavable moiet)|, with the proviso that at least one of R*^ R^^ R^^ ^nd 
R^^ is an acid-cleavable moiety. 

14. The copolymer of claim 13,\wherein R^ is OH. 

15. The copolymer of claim 13, vMierein at least one acid-cleavable moiety in the 
monomer having structure IV is selected from t^e group consisting of esters, ethers, and 
carbonates. 



16. The copolymer of claim 15, wherein at least one acid-cleavable moiety m the 
monomer having structure IV is an ester. 
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17. The copolymer df claim 16, wherein the ester has the formula -(L)v-(CO>OR"* 
wherein v is zero or 1, L is a linkiAg group, and R'* is selected from the group consisting of 
tertiary alkyl moieties, cyclic and alucyclic substituents with a tertiary attachment point, and 
2-trialkylsilylethyl moieties. \ 

1 8. The copolymer of claim 1 7, wherein v is zero and R'" is tertiary alkyl. 

19. The copolymer of claitk 1 8, wherein R'" is /-butyl. 



20. The copolymer of claimU 7, >ii|^n v is zero and R"» is a cyclic or alicyclic 
substituent with a tertiary attachment point. 

21 . The copolymer of claim 20l wherein R'" is selected from the group consisting of 
adamantyl, norbomyl, isobomyl, 2-methyl-2Vadamantyl, 2-methyl-2-isobomyl, 2-methyl-2- 
tetracyclododecenyl, 2-methyl-2-dihydrodicytlopentadienylcyclohenxyl and 
1-methylcyclohexenyl. \ 




22. The copolymer of claim 17, whA-ein v is zero and R'^ is 2-trialkylsilylethyl. 



23. The copolymer of claim 22, wherein R'< is 2-trimethylsilylethyl. 



IBM No. YOR920000693US1 



-57- 



Atty Dkt 5075-002 
PATENT 



24, The copolymer of claim 17, wherein v is 1, L is a norbomyl or a cyclohexylene 
group, and R*'* is tertiary alkj^. 

25. The copolymer bf claim 24, wherein R*^ is r-butyl. 

25. The copolymer of fclaim 24, wherein R*^ is a cyclic or alicyclic substituent with a 
tertiary attachment point. \ 

\ r 

26. The copolymer of clairia 25, wherein R'" is selected from the group consisting of 
adamantyl, norbomyl, isobomyl, 2-methVl-2-adamantyl, 2-methyl-2-isobomyl, 2-methyl-2- 
tetracyclododecenyl, 2-methyl-2-dihydrod\cyclopentadienylcyclohenxyl and 
1-methylcyclohexenyl. \ 

27. The copolymer of claim 24, \Jherein R"" is 2-trialkylsilylethyl. 

28. The copolymer of claim 27, wherlwn R'" is 2-trimethylsilylethyl. 

29. The polymer of claim 1, wherein R« i\ perfluorinated lower alkyl. 
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30. The polymdt of claim 29, wherein R« is trifluoromethyl. 

3 1 . The copolymer of claim 1 3, wherein R» is perfluorinated lower alkyl.. 

32. The copolymer of claim 31, wherein R« is trifluoromethyl. 

33. The polymer of fclaim W^hej^ is -COOH. 

1 n 

34. The copolymer of claim 13, wherein R^ is -COOH. 

35. The copolymer of blaim 13, wherein R^ is an acid-cleavable functionality. 

36. In a lithographic phbtoresist composition comprised of a polymer transparent to 
deep ultraviolet radiation and a radiamon-sensitive acid generator, the improvement comprising 
employing as the polymer a polymer Comprised of a fluorocarbinol fiinctionalized silsesquioxane 
monomer units having the structure (11 
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(I) 




wherein 

R', R3 and R^ are independenjly selected from the group consisting of substituents 
having structure (II) 




(11) 



{CH2)p-j-Q (CH2)s e 



wherein 

pis 0,1, or 2, 
sis 0, l,or2, 

Q is selected from the groub consisting of substituted and unsubstituted 
arylene, substituted and unsubstituted cycloalkj(lene, substituted and unsubstituted alkarylene, 
and moieties having the structure (III) 
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(III) 



wherein and are indep^dently hydrogen, alkyl or fluoroalkyl and n is 
an integer from 0 to 4, 

R7 is hydrogen, linear or braiiiched^^|^^r^^ 
R^ is linear or branched fluorialkyl, and 
R'is OH, COOH or an acid-c eavable moiety. 



37. In a lithographic photoresist coniposition 
deep ultraviolet radiation and a radiation-sensitiv^ 
comprises employing as the polymer a copolyme: 
structure (I) 



(I) 



I 

Si O- 

I 

O 



-SI 0 >i O 



comprised of a polymer transparent to 
acid generator, the improvement which 
comprised of a monomer unit having the 



5j — o- 
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whereiii, 

l\ R\ and are independently selected from the group consisting of 
substituents having struWre (II) 



(11) 



-(CH2)p Q (CH2)s 



wherein 



1^ 



, and moieties haviAe the structure (III) 



(III) 



wherein and R« are independently hydrogen, alkyl or fluoroalkyl and n is 
an integer from 0 to 4, 

R' is hydrogen, linear or branched dlkyl or fluoroalkyl, 
R* is linear or branched fluoroalkyl, ; 
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R'is OH, COOH or an acid-cleavable moiety; 
and a monomer unit having the stmcture (IV) 



(IV) 



wherein, 

R'o, R", R'2 and R'^ are independently hydrogen, alkyl, fluoroalkyl, 
fluorocarbinol, fluoroacid, or an acid-cleavabl^ moiety, with the proviso that at least one of R'o, 
R", R'2 and R'^ is an acid-cleayable moiety. 

38. The lithographic photoresist combosition of claim 36, wherein R« is OH. 



39. The lithographic photoresist composition of claim 36, wherein the photoresist 
composition is a positive resist and further comprises V photoacid-cleavable monomeric or 
polymeric dissolution inhibitor. 
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40. The litho^phic photoresist composition of claim 37, wherein the photoresist 
composition is a positive reiist and further comprises a photoacid-cleavable monomer or 
polymeric dissolution inhibitor. 



41 . The lithographit photoresist composition of claim 38, wherein the photoresist 
composition is a positive resist a^^d further comprises a photoacid-cleavable monomer or 
polymeric dissolution inhibitor. 



42. The lithographic photoresia composition of claim 38, wherein the photoresist 
composition is a negative resist andniirther comprises a crosslinking agent. 



43. The lithographic photoresist composition of claim 42, wherein the crosslinking 
agent is a glycoluril compound. 

44, The lithographic photorfesist composition of claim 43, wherein the glycoluril 
compound is selected from the group con^sting of tetramethoxyme%l glycoluril, 
methylpropyltetramethoxymethyl glycolun^ methylphenyltetramethoxymethyl glycoluril, and 
mixtures thereof 
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45. A process for generafing a resist image on a substrate, comprising the steps of: 

(a) coating a substratelwith a fibn of a photoresist composition comprised of: 

(i) the polymefl of claim 1 ; and 

(ii) a radiation-sensitive acid generator; 

(b) exposing the fihn selectively to a predetermined pattern of deep ultraviolet 
radiation so as to form a latent, patterned image in the film; and 

(c) developing the latent image with a developer. 



t plage on ; 



46. A process for generating a rfesist J^e on a substrate, comprising the steps of: 

(a) coating a substrate with alfilm of a photoresist composition comprised of: 

(i) the copolymer of diaim 1 1 ; and 

(ii) a radiation-sensitive acid generator; 

(b) exposing the film selectively to a predetermined pattern of deep ultraviolet 
radiation so as to form a latent, patterned imagdin the film; and 

(c) developing the latent image With a developer. 

47. The process of claim 45, wherei^ the deep ultraviolet radiation has a wavelength 
of less than 250 nm. 
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48. The process of claim 46, wherein the dee^traviolet radiation has a wavelength 
ofless than 250 nm. 



49. The process of claim 47, wherein me deep ultraviolet radiation has a wavelength 



of 157nm. 



50. The process of claim 48, whetein the deep ultraviolet radiation has a wavelength 



of 157 nm. 



51 . The process of claim 45^here/n the substrate is a bilayer substrate comprising a 
base layer covered by an underlayer and^the photoresist composition covers the underlayer. 

52. The process of claimf 46, wherein the substrate is a bilayer substrate comprising a 
base layer covered by an underlayer/and the photoresist composition covers the underlayer. 



53. A method of forn^ing a patterned material structure on a substrate, the substrate 
being selected from the group existing of semiconductors, ceramics and metals, the method 
comprising: 



(a) optionally/providing the substrate with an underlayer, thus forming a bilayer 



substrate; 
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• 



(b) applying a photoresist composition to the substrate of bilayer substrate to 
form a photoresist layer, said photoresist composition comprising they^olymer of claim 1 and a 
radiation-sensitive acid generator; / 

(c) pattemwise exposing the substrate to radiaticfa whereby acid is generated by 
the radiation-sensitive acid generator in exposed regions of th/ photoresist layer; 

(d) contacting the substrate with an aqueous alkaline developer solution, 
whereby the exposed regions of the photoresist layer areielectively dissolved by the developer 
solution to reveal a resist structure pattern; and / 

(e) transferring the resist structure JmtA totjje substrate by etching into the 
substrate or bilayer substrate through spaces in thfe rdlsy structure pattern. 

54. A method of forming a patterned material structure on a substrate, the substrate 
being selected from the group consisting oysemiconductors, ceramics and metals, the method 
comprising: / 

(a) optionally providing the substrate with an underlayer, thus forming a bilayer 
substrate; / 

(b) applying a photoresist composition to the substrate or underlayer of the 
bilayer substrate to form a photore/ist layer over the material layer, said photoresist composition 
comprising the copolymer of claifn 1 3 and a radiation-sensitive acid generator; 
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(c) pattemwise exposing the substrate to radiation wherry acid is generated by 
the radiation-sensitive acid generator in exposed regions of the photoresist layer; 

(d) contacting the substrate with an aqueous aMline developer solution, 
whereby the exposed regions of the photoresist layer are selectively dissolved by the developer 
solution to reveal a resist structure pattern; and 

(e) transferring the resist structure pattern to the substrate by etching into the 
substrate or bilayer substrate through spaces in tife resist structure pattern. 

55. The method of claim 53,^hereiny^e deep ultraviolet radiation has a wavelength 
of less than 250 nm. 

56. The method of ^aim 54, wherein the deep ultraviolet radiation has a wavelength 
of less than 250 nm. 

57. The me^od of claim 55, wherein the deep ultraviolet radiation has a wavelength 

of 157 nm. 



58. The method of claim 56, wherein the deep ultraviolet radiation has a wavelength 



of 157nm. 
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59. The method of claim 53, wherein the photoresist compositjto additionally 
comprises a photoacid-cleavable monomeric or polymeric dissolution >ilhibitor. 

60. The method of claim 57, wherein R'isOH. 

61 . The method of claim 54, wherein the flhotoresist composition additionally 
comprises a photoacid-cleavable monomeric or pol/neric dissolution inhibitor. 



62. A method of forming a pattered material structure on a substrate, the material 
being selected from the group consisting of semiconductors, ceramics and metals, the method 

comprising: 

(a) optionally providing a ^bsWe with an underiayer, thus forming a bilayer 

substrate; 

(b) applying a photoresist composition to the substrate or underiayer of the 
bilayer substrate to form a plfotoresist layer over the substrate or bilayer substrate, said 
photoresist composition cdmprising the copolymer of claim 2, a crosslinking agent, and ; 
radiation-sensitive acidygenerator; 

(c) Mttemwise exposing the substrate to radiation whereby acid is generated by 
the radiation-sensh/ve acid generator in exposed regions of the photoresist layer thereby causing 
the crosslinkingagent react with the polymer of claim 2; 
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(d) contacting the substrate with an aqueous alkaline developer^ution, 
whereby the unexposed regions of the photoresist layer are selectively dissjjlved by the developer 
solution to reveal a negative resist structure pattern; and 

(e) transferring the negative resist structure pattem^o the substrate by etching 
into the substrate or bilayer substrate through spaces in the neg^ive resist structure pattern. 

63. The method of claim 62, wherein the deep ultraviolet radiation has a wavelength 
of less than 250 nm. 



of 157nm. 



64. The method of claim 63, ^rein^ ieSpultraviolet radiation has a wavelength 



65. The method ofclAlm 62, wherein the crosslinking agent is a glycoluril 



compound. 



66. The process of claim 65, wherein the glycoluril compound is selected from the 
group consisting of ytramethoxymethyl glycoluril, 

methylpropyltetr^ethoxyme%l glycoluril, methylphenyltetramethoxymethyl glycoluril, and 
mixtures therej/f 
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